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Introduction
Lake geoecosystems, which are spatial units 
varying in size and internal structure, keep 
changing both in space and time. The changes 
are holistic as a rule, but they usually proceed 
via modification of individual elements of the 
structure of the system. Physical, chemical and 
biological impacts of tourist use lead to a degra-
dation of the natural environment of the lake and 
its surroundings. In the landscape of lakes, the 
most readily visible are changes in relief.
Studies of the effect of tourism on relief are 
mainly conducted in mountain areas and focus 
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primarily on the impact of the particular forms 
of tourism. In the mountains, human impact is 
usually restricted to the width of the tourist trail, 
hence the research largely deals with hiking 
(Gorczyca 2004; Styperek 2001, Tomczyk & Ew-
ertowski 2007), skiing (Łajczak 1996, Skawiński 
& Krzan 1996), mountaineering (Balon 1981), 
and cycling (Jodłowski 2001). Tourism-derived 
changes in the natural environment are studied 
with the help of a variety of methods, including 
geomorphological mapping, geodetic surveys, 
aerial photos, and direct observation combined 
with photography. Buchwał (2009) carried out 
her research of the dynamics of erosional-denu-
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dation processes on Mount Babia using the den-
drogeomorphological method. 
While there are many publications addressing 
the effect of tourist use on relief, it is only rarely 
that this problem is tackled in lakeland areas, 
and even more rarely in the lakeshore zones. The 
first works in this field were those by Bartkowski 
(1985), Dysarz (1993) Drzewiecki (1997) and 
Sołowiej et al. (1997). In western Europe works 
on the lakeshore zones, especially those suffering 
the human impact, are much more numerous, but 
they deal with large water bodies. In the foreign 
literature the focus is on the threat of degrada-
tion of lakeshore zones and on new approaches 
to shore monitoring (Ryhänen 2001, Ostendorp 
2004, Schmieder 1996). 
In Poland, the problems addressed in studies 
of lakeshore zones conducted to date have main-
ly been the identification and parametrisation of 
geomorphological processes, characteristics of 
shore forms, and the evolution of the littoral. It 
has been found that the pattern, and especially 
the range and intensity of shore processes pro-
ducing morphological changes in the littoral zone 
of a water body depend on many factors. The 
most important include its relief and exposure, 
depth and size, waving, lithology, vegetation, ice 
cover, and surface alimentation (Korolec 1968, 
Drwal, Gołębiewski 1968, Banach 1993, Rzętała 
1994, Nowaczyk 1994, Jaguś 2004, Grobelska 
2002). A survey of the literature on changes in 
lacustrine geoecosystems shows that the least at-
tention has been devoted to the role of man-made 
factors, especially tourism and recreation. 
Changes in the geographical environment 
induced by tourist use depend on both, the ag-
gressiveness of the forms of tourism pursued in 
the given area and the resistance of the environ-
ment to human impact. Susceptibility of lake ge-
oecosystems depends largely on the geological 
structure of the slopes and the morphology of the 
shore zone. 
The research carried out by Klimko (1982) in 
Wielkopolska shows that what is primarily re-
sponsible for changes in slope morphology is its 
inclination angle. Studies of denudation processes 
have revealed significant differences in the effi-
ciency of slope processes depending on lithologi-
cal differences. The scope of change was greater 
on surfaces built of loam rather than sand depos-
its. In the opinion of Starkel (2008), the exceeding 
of threshold values of various processes is closely 
connected with the lithology of covers which sep-
arate precipitation water into overland flow, sub-
surface flow, and the deeper groundwater flow. 
However, the initiation of cover movement and 
the magnitude of cover shifts are associated with 
land use. According to Kostrzewski (2008), the 
performance of lake geoecosystems is controlled 
by weather conditions of the temperate zone. That 
is why an important problem in the operation of 
the present-day denudation system in postglacial 
areas is the effect of catastrophic processes on it 
(Kostrzewski et al. 1992).
When the resistance threshold has been sur-
passed, there appear specific patterns of energy 
flow and matter cycle, usually unique to the mo-
ment of observation (Kostrzewski 1999). A de-
scription of extreme meteorological, hydrological 
and geomorphological characteristics of lakeland 
areas was presented by Zwoliński (2008) in a spe-
cial issue of the journal Landform Analysis (Florek 
2008) entitled Role of extreme processes in relief 
formation. In most of the articles it was empha-
sised that of special significance for relief evolu-
tion were extreme events, mainly torrential rains. 
Precipitation of great intensity and frequency re-
leases high potential energy, thus initiating large-
scale denudation processes resulting, as Balon et 
al. (2001) claim, in upsetting the equilibrium and 
a jump in the development of the environment 
of some areas. Morphogenetic changes in shore 
zones, however, are usually connected with the 
seasonal variations in weather conditions, main-
ly the pattern of precipitation and air tempera-
ture, and with seasonal vegetation growth. Those 
factors directly control the rate of relief-forming 
processes. Hence a research into the effect of tour-
ist use on lakeshore zones should combine mete-
orological observations with a study of recreation 
carrying capacity. Tourist capacity (or tourist car-
rying capacity) is the maximum number of per-
sons making use of the recreational assets of a site 
without an unacceptable degree of deterioration 
of the character and quality of the recreation ex-
perience (Baud-Bovy 1977, Prato 2001). Surpass-
ing the threshold of tourist capacity produces 
a variety of effects. It can bring about changes 
in the natural resources of the site, especially its 
plant cover (Brown et al. 1997).
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Study methods and area
In order to determine the retreat rate of the 
shore scarp of Lake Czarne as a result of tour-
ist use under different weather conditions, in the 
years 2006–2009 geodetic surveys were made as 
well as studies of the tourist capacity of selected 
water bodies in Central Pomerania. The studies 
were supplemented with data obtained from the 
Geoecological Station at Storkowo. To examine 
morphological changes in the lakeshore zone in-
duced by various tourist uses, Lake Czarne in the 
upper Parsęta catchment was chosen as the object 
of study.
Lake Czarne and its catchment are situated on 
the northern slope of the end-morainic series of 
the Pomeranian Stage of the Vistulian glaciation 
(Karczewski 1989). The catchment occupies an 
outwash surface built of sandy fluvioglacial de-
posits. Lake Czarne, the only water body within 
the upper Parsęta catchment, is a basin without 
an outlet (3.1 ha) located in a watershed zone. In 
genetic terms, the lake is a melt-out basin with the 
slopes descending steeply towards the bottom 
and hence with a very narrow littoral zone along 
the shore. The shore zone studied is located in the 
south-eastern part of the lake catchment.
From the point of view of recreationists, a vital 
feature of a catchment is its lake percentage. For 
the upper Parsęta this figure amounts to a mere 
0.38%, and the lake under study is the only water 
body within a radius of a few kilometres. During 
vacations and in fine weather conditions, Lake 
Czarne suffers intensive human (tourist) impact, 
mostly linear and surficial. A single lake within 
a radius of a few kilometres, not more than 4 ha 
in area and surrounded by arable fields and pine 
woodland, turns out to be the only recreational 
possibility for the local community. Local resi-
dents use sandy and grassy areas, undeveloped 
in any way. There is no basic infrastructure: no 
access road, no sanitary facilities, sometimes even 
no litterbins. Mass uncontrolled tourist traffic of 
more than 10 persons/ha/day flows along vari-
ous routes, often across low-capacity plant com-
munities like alder carrs or riverside carrs, for 
which the index amounts to a few persons/ha/
day, while the number of afternoon visitors ex-
ceeds 50 per 100 m2. With the low lake percentage 
of the catchment and the very small area avail-
able for sunbathing, in July 2006 there were 1.8 
m2 of beach per person in the shore zone of Lake 
Czarne (Cichoń 2008). This means that the capac-
ity index for undeveloped water bodies, 12.5 m2/
person on average, was surpassed several times 
(Baranowska-Janota 1998). With the threshold 
value put by Zwoliński (1992) at 20 m2/person, 
this is indicative of advancing devastation of the 
shore zone of the lake.
Results
On the basis of the observations and geodetic 
surveys conducted, stages in the evolution of the 
shore zone of Lake Czarne were distinguished 
that were correlated with the meteorological and 
hydrological conditions determining the inten-
sity of denudation processes and the use of the 
water body for recreational purposes (Fig. 1).
The first dissections and very shallow landslips 
caused by a small group of recreationists were 
observed early in July 2006 (Fig. 2a). A surficial 
slip of wet material about 20 cm in width (after 
a fall of rain on 21 June 2006) was only observed 
in the scarp zone. From mid-July 2006, maximum 
temperatures recorded in Central Pomerania 
exceeded 30°C, resulting in each square metre 
of the beach being occupied by an inadmissibly 
large group of recreationists. However, the sur-
passing of tourist capacity (with 1.8 m2 of beach 
per person) in the shore zone (Cichoń 2008) did 
not affect its relief owing to the stable soil struc-
ture. A high, even extremely high, temperature in 
excess of 30°C and low soil moisture had caused 
the soil to dry and harden, thus making it much 
Fig. 1. Location of Lake Czarne.
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less susceptible to denudation. In turn, in August 
the temperature oscillated around 20°C and it 
rained almost every day (2 mm/day on average). 
Such a meteorological situation did not encour-
age visits, but on the other hand the presence on 
the beach of even a few persons caused shifts in 
the material which daily rains had made wet and 
hence more plastic. Susceptibility to denudation 
grew in mid-September when after a long period 
of precipitation the temperature rose above 20°C, 
which produced an increase in the number of peo-
ple visiting the beach for recreational purposes. 
With an increase in the plasticity of the material 
and the number of beach visitors, the microforms 
in the scarp zone expanded. The erosional dissec-
tion developed into a small erosional niche, with 
the slipped material accumulating at its foot. It 
might be mentioned here that at the start of the 
summer season sand had been dumped on the 
shore, and its observation in the successive years 
helped to record changes in the shape of the lake 
terrace. 
The next summer season was completely dif-
ferent from the previous year in meteorological 
terms. June and most of July 2007 brought waves 
of rain, several times exceeding 20 mm/day, 
while diurnal air temperatures only amounted 
to 15–20°C. This caused the water level in the 
lake to rise, which resulted in the wash-out of 
material deposited at the foot of the scarp. The 
high water stage persisting until the end of July 
undercut the shore. Decisive for changes in the 
morphology of the shore zone, especially its 
scarp, was the period from 15 to 21 July with no 
precipitation and the maximum air temperature 
at noon exceeding 25°C. Such a weather situation 
attracted recreationists to the beach, where each 
passage of a visitor on the wet soil, mostly in the 
scarp zone, left a trace and produced increasingly 
large microforms. The effect was a trodden path 
visible in Fig. 2b, photographed on 21 July 2007. 
The beginning of August was dry, but the diur-
nal air temperature oscillating around 15°C did 
not encourage sunbathing. The rest of August 
was wet, although rainfall did not surpass 2 mm/
day. There were also rainless days, but a maxi-
mum temperature of about 20°C and very wet 
soil heavily reduced visitor frequency. There was 
a marked deterioration in September weather: 
the diurnal temperature ranged from 8 to 13°C 
and the rain continued. Changes in the morphol-
ogy of the shore zone in that part of the summer 
season were slight, owing to the disagreeable lo-
cal meteorological situation and a small number 
of visitors. The microforms that developed dur-
ing that season were due to a sudden jump in 
Fig. 2. Distribution of air temperatures on 5 July in the years 2006–2009 and the number of visitors in the shore zone 
of Lake Czarne.
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temperature and an increase in the number of 
recreationists on the beach in conditions favour-
able to material slipping (a surface layer parched 
and underlain by a plastic sand-loam layer) and 
a persistently high stage of the lake waters. A big 
role in blocking morphogenetic changes in the 
summer season of 2007 was played by vegetation, 
which had perfect conditions for growth owing 
to ample precipitation already from spring. 
The summer season of 2008, especially June 
and July, showed variations in the intensity of 
morphogenetic processes in the shore zone of 
Lake Czarne. Dry periods with exceptionally 
high temperatures (1–10 June and 21–31 July) and 
only slight modelling of the shore alternated with 
short but fierce rainstorms (11–30 June, 6–20 July, 
and the whole of August) resulting in accelerated 
development of microforms. The erosional niche 
that appeared in the scarp zone at the start of July 
2008 grew systematically to reach 80 cm in length, 
70 cm in width, and 40 cm in height at the close 
of August (Fig. 2c). The chief process responsible 
for those changes was sliding, and during heavy 
rains, wash. Equally important for the develop-
ment of the shore zone were the lake waters. 
Through their erosional action during high stages 
the shore was being undercut, and the very wet 
material of the scarp zone, its mass increased, slid 
down the slope of the erosional niche. Also peo-
ple contributed greatly to those transformations 
by their intensive use of the beach, especially on 
sunny and warm days, which was readily visible 
to the right of the little bridge where the analysed 
microform had appeared. The development of 
the erosional niche can be associated with easier 
access to water and lack of vegetation, and hence 
with greater plasticity of material and its suscep-
tibility to sliding. The sliding of material, its accu-
mulation at the foot of the slope, and its wash-out 
by lake water had led to a retreat of the margin 
of the lake terrace, mainly to the right of the lit-
tle bridge, i.e. in the place where resistance to 
morphogenetic change is low while tourist traffic 
is heavy. The heavily washed and distorted ero-
Fig. 3. Morphological changes in the shore zone of Lake Czarne and the meteorological situation in the upper Parsęta catch-
ment.
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sional niche became more stable when August 
ended and September began, although it did not 
grow in size. This was due to the absence of pre-
cipitation, a drop in the water level and, because 
of the low diurnal air temperature, a shortage of 
recreation seekers.
The next summer season of 2009 also contrib-
uted to the present shape of the shore zone of 
Lake Czarne. June brought rainy weather, with 
rainfall exceeding 115 mm and the diurnal air 
temperatures ranging from 10 to 15°C. July and 
August were similar: warm (ca. 25°C), sunny 
days intertwined with colder rain spells of sev-
eral days’ duration. The intensity of precipitation 
was high, on a few occasions even up to 20 mm. 
Torrential rains contributed to the cutting and 
development of the next erosional dissections, 
this time in the part of the shore zone jutting far-
thest into the water. Heavy rainfall released great 
potential energy in the landscape and set in mo-
tion large-scale denudation processes. Of basic 
significance for the modelling of the lakeshore re-
lief was also the high stage of the lake water and 
groundwater. High soil moisture content com-
bined with the erosional effect of waving caused 
the washing of not only the right-hand side of the 
shore zone, but also of the very unstable, strongly 
water-logged front part of the scarp. The mate-
rial from the scarp zone slid completely in late 
August 2009 (Fig. 2d). 
While the resistance of the geoecosystem of 
the Lake Czarne shore zone has been broken pri-
marily in plant cover and soil, the most readily 
visible changes are those produced in the slope 
morphology by both, denudation and tourist use. 
Threshold values of slope processes depend on 
the physical properties of the covers, while the 
magnitude of their shift is connected with land 
use. What determines the impact of the vari-
ous forms of tourism on the shore zone of Lake 
Czarne is their intensity, which depends prima-
rily on the air temperature being above 25°C and 
the weather being sunny and calm. The interac-
tion of the slope and shore processes in associa-
tion with tourist use produced a change in the 
shape and inclination of the slope. The lower part 
of the shore zone became more gentle owing to 
the accumulation of material in the form of a talus 
cone, which can develop plant cover during the 
next season in favourable weather conditions, or 
be washed out if the water stage is high. Equilib-
rium in the shore zone of the lake was disturbed 
locally along its abrasion-prone sand-loam sec-
tion subjected to the heaviest visitor traffic. In the 
four years of the study, its scarp retreated 10 to 50 
cm. The observed changes in the morphology of 
the shore zone are limited primarily to the lower 
part of the slope, at the contact with the lake ter-
race. According to Stach (1998), what make the 
morphological effects slight here are soil leach-
ing, a considerable thickness of the aeration zone, 
and the associated large water capacity. 
Conclusions
In the summer, changes in the shore zone of 
Lake Czarne depend on seasonal variations in 
weather conditions, mainly the pattern of precip-
itation and air temperature, and on seasonal veg-
etation growth. Those factors directly affect the 
intensity of relief-forming processes. The mor-
phogenetic changes observed here in the years 
2006–2009 would not be so intensive if it was 
not for tourist traffic. It should be emphasised, 
however, that the emergence and development 
of microforms genetically connected with tourist 
use are an effect of both, tourism and specific me-
teorological conditions. In terms of susceptibility 
to morphological change, the most detrimental 
is the following scenario: a few days of rainfall 
(of over 20 mm) – a sudden jump in temperature 
to 25°C – a tourist capacity index in excess of 10 
persons/100 m2/day. Several repetitions of this 
scenario enhance the probability of the appear-
ance and development of man-made microforms. 
Hence, what is decisive for the dynamics of mor-
phological change in the shore zone of the lake 
is the atmospheric situation on days preceding 
high tourist capacity.
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